A coupling between multimode polymer waveguides and microfluidic channels on a poly- 
Introduction
During the last years the interest in microfabricated analysis systems for optical detection increased rapidly. The reason for this trend is the broad application of optical detection methods in analytical biology and chemistry. The progress in microstructure technologies for analytical purposes calls for suitable solutions in optical coupling of microfluidic elements.
This account this field of research belongs to a dynamic area with a large variety in configurations.
In recent years a replacement of free-space optical elements [1, 2] by integrated optical elements and fibres on chip is observed. These elements offer the possibility of miniaturization. The simple principle of insertion of optical fibres with the possibility of a single detection per spot was realised on PMMA [3] , PDMS [4, 12] , glass [14] , glas/SU-8 [11] devices. This technology involves a few disadvantages, like problems with hermetically sealed fluidic channels, location and positioning of optical fibres and realisation of complex designs.
Integrated waveguides on chip provide a solution to such problems. Morgensen et al. [6] Denninger et al. [8] and Hübner et al. [13] presented integrated optical wavegides on a silicon chip for absorbance and fluorescence measurements using a plasma-enhanced chemical vapor deposition (PECVD) process. These concepts of integrated waveguides offer high flexibility in design of the devices, but complex technologies for the fabrication of these devices is needed. To simplify the technology, polymers are increasingly used for the realisation of waveguides on chip. Splawn et al [7] reported about square hollow waveguides on a PDMS analysis chip for absorbance measurements. Recently, the realisation of polymer waveguides on chip has been reported. Lin et. al [5] realised buried SU-8/SOG (spin-onglass) optical waveguides on a glass substrate. After the bonding process of two symmetrically etched glass substrates the waveguide channels are filled by capillary forces.
Morgensen et al [10] developed a process for integration of multimode SU-8 waveguides with microfluidic channels. The bottom, top substrates and air at the side of the SU-8 layer are used as cladding material.
Our concept is the realisation of optically coupled analytical devices with hermitically sealed PMMA fluidic channels for applications in optical analysis on chip. The main goal was to developed a simple and cheap technology for the fabrication of integrated waveguides on analytic chips with high optical quality.
Design and Fabrication
To achieve high coupling efficiencies by using integrated polymer waveguides, the gap between waveguides and microfluidic channel has to be minimized. The main challenge was to find a technology to fabricate polymer waveguides without interfering with the microfluidic setup.
The developed technology extends UV-LIGA process or related processes. It starts with the fabrication of hot-embossed PMMA-substrates. Mould inserts for hot embossing have been produced using UV lithography and nickel electroplating. Details of the PMMA substrate fabrication have been published earlier [9] .
The size of the fabricated PMMA substrate is 20 mm x 80 mm, and the lengths of the separation and injections microfluidic channels are 10 and 60 mm. The distance between the orthogonal placed waveguides channels to the microfluidic channels is 50 µm (Fig. 1) . The capillary has a width of 50 µm and the waveguides have a width of 80 µm. The depth of all structures is 60 µm (Fig. 2) .
After the microchannels have been formed, waveguide channels were filled with the core material. As core material of the waveguides Norland Optical Adhesive 72 (NOA72) was chosen. NOA72 is a highly transparent UV curing glue, which has low viscosity and shows good wetting to PMMA. The refractive index of NOA72 is n = 1.56 and is suited for core material inside of PMMA (n = 1.49) cladding.
Capillary forces could be used to drive the NOA72 glue in the waveguides channels. A NOA72 glue drop within specified reservoirs at the ends on the waveguides channels, at the edge of the PMMA substrate is sufficient for a complete filling of the waveguide channels.
The following UV irradiation cures the core material. A flat surface for cover lamination is achieved by using a proper amount of NOA72 for the filling of the waveguides channels.
Finally, the PMMA cover is laminated on the chip to seal the capillary and to complete the cladding for the waveguides. The PMMA cover has been bonded to the chips also using NOA72 glue. A specially designed lamination press has been used for this step to allow UVcuring of the glue while pressing chip and cover together. The detailed lamination process was also described in previous work [9] . 
Experimental Results and Discussion

Conclusion
The integration of polymer waveguides based on UV-glue NOA72 on PMMA CE-chips was shown. The fabrication process of these devices is similar to the published processes, but was advanced by one process step: Filling of waveguides channels with polymer core material using capillary forces. The quality of integrated waveguides was tested by propagation loss and transmission measurements. The propagation loss at 635 nm of 1 dB/cm and the transmission spectrum shows the qualification of these devices for optical analytic purposes. This was confirming by absorption measurements at SPADNS solutions.
The developed technology for the fabrication of integrated waveguides on microfluidic chips allows the choice of best suited core material and demonstrates the prospects and the potential of the presented technology for the realisation of complex analytical microsystems. 
